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(54) Title: CONTINUOUS EXTRUSION APPARATUS 



(57) Abstract 

Apparatus for the continuous extrusion of metals in which feed is in- 
troduced into two (or more) spaced apart circumferential grooves (4) in a ro- 
tating wheel (2) (or rotating wheels) to contact an arcuate shoe portion (8) 
and abutments extending into the grooves. The feed is constrained by the 
abutments to flow through frusto-conical exit apertures (10) in the shoe por- 
tion (8) to a chamber (6) and is extruded as relatively thin-walled, large 
cross-section, product. The exit apertures (10) have cone angles in the range 
5°-45°. Mixer plates (14) are profiled to distribute flow evenly from the ap- 
ertures (10) to around the die opening (30). An extrusion die body (18) for 
cylindrical extrusions is located and axially centered by set screws (122). 
Where an even number of grooves (4) are utilised, an extrusion mandrel (12) 
may be secured to the shoe portion (8) by a bolt (22) positioned centrally of 
the grooves. Lubricant or oxidation inhibiting fluids may be injected inter- 
nally of the extruded product through a passage (36, 38) extending through 
the shoe portion (8) and the bolt (22). In another embodiment, the chamber 
(6) is also of divergent frusto-conical form having a cone angle correspond- 
ing to that of the apertures (10), thereby enabling the extrusion of even larg- 
er cross-section products. The frusto-conical form may be of elliptical cross- 
section to achieve a requisite divergence or to accord with the configuration 
of the die orifice. By providing spaced apart grooves (4) and apertures (10) 
diverging frusto-conically it is possible to extrude products of relatively 
large cross-section since the volume feed rate is enhanced and the distance 
travelled by the material from the grooves (4) to the die orifice (30) is re- 
duced, thereby reducing friction losses and the likelihood of discontinuities 
in the extrudate arising. 




DESIGNATIONS OF "DE" 



Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCI* on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Monaco 


AU 


Australia 


Fl 


Finland 


MG 


Madagascar 


BB 


Barbados 


FR 


France 


ML 


Mali 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Fassu 


GB 


United Kingdom 


MW 


Malawi 


BC 


Bulgaria 


CR 


Greece 


NL 


Netherlands 


BJ 


Benin 


HU 


Hungary 


NO 


Norway 


BR 


Brazil 


IT 


Italy 


RO 


Romania 


CA 


Canada 


JP 


Japan 


SD 


Sudan 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SE 


Sweden 


CC 


Congo 




of Korea 


SN 


Senegal 


CH 


Switzerland 


KR 


Republic of Korea 


su 


Soviet Union 


CM 


Cameroon 


LI 


Liechtenstein 


TD 


Chad 


OE 


Germany, Federal Republic of 


LK 


Sri lainka 


TG 


Togo 


DK 


Denmark 


LU 


Luxembourg 


US 


United States of America 



WO 90/14176 



- 1 - 



PCT/GB90/00778 



"CONTINUOUS EXTRUSION APPARATUS" 
DESCRIPTION 

This invention relates to apparatus for the 
forming of metals by a continuous extrusion 
5. process in which feed stock is introduced into a 
circumferential groove in a rotating wheel to 
pass into a passageway formed between the groove 
and arcuate tooling extending into the groove. 
The tooling includes an aperture formed in a shoe 
101. portion and extending in a generally radial 
direction from the groove to a die and an 
abutment is provided to constrain the feedstock' 
to flow through the aperture and the die. 

15, in EP-A-0125788 there is described 

continuous extrusion apparatus having a 
plurality of spaced apafrt circumferential 
grooves, arcuate tooling with a shoe portion 
bounding radially outer portions of the 

20. respective grooves provided with exit apertures 
extending in a generally radial direction from 
the respective grooves to a chamber and abutments 
displaced in the direction of rotation from the 
apertures extending into the grooves, the chamber 

25. extending around an extrusion mandrel and 

discharging axiaLly of the extrusion mandrel 
through a die orifice intermediate the extrusion 
mandrel and an extrusion die body wall. 
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In a continuous extrusion apparatus of the 
form set out, according to the present invention, 
the exit apertures are formed with f rusto-conical 
walls smoothly diverging radially outwardly from 
the face of the shoe portion bounding the grooves 
5. to merge smoothly with the chamber. 

The invention will now be described, by way 
of example, with reference to th,e accompanying, 
partly diagrammatic, drawings, in which:- 

10. 

Figure 1 is a radial cross-section of a 
portion of a twin grooved rotating wheel and a 
portion of a shoe Showing a die chamber and 
extrusion mandrel; 

1 5.. 

Figure~2 is end view,of a mixer plate 
positioned in the die chamber; 

Figure 3 is a cross-section of the mixer plte 
20. taken on the Line III-III of Figue 2; 

Figure 4 is a modified form of the 
arrangement shown in Figure 1; 
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Figure 5 is a radial cross-section of a 
portion of a twin grooved rotating wheel and a 
portion of a shoe showing an alternative form of a 
die chamber and extrusion mandrel; 

Figure 6 is end view of a mixer plate 
positioned in the die chamber shown in Figure 5; 



Figure 7 is a cross-section of of the mixer 
10. plate taken on the line VII-VII of Figure 6; 

Figure 8 is a cross-section of extrudate 
produced in the alternative arrangement shown in 
Figures 5 to 7; 



Figure 9 is a radial cross-section of a 
portion of a twin grooved rotating wheel and a 
portion of a shoe showing a further alternative 
form of a die chamber and extrusion mandrel. 



Figure 10 is a radial cross-section of a 
portion of a twin grooved rotating wheel and a 
portion of a shoe showing a yet further 
alternative form of a die chamber and extrusion 
25. mandrel. 

Figure 11 is a cross-section taken on the 
line XI-XI of Figure 10; and 

30^ Figure 12 is a cross-section of extrudate 

produced in the yet alternative arrangement shown 
in Figures 10 and 11 . 
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Referring to Figures 1 to 3, in which there 
is shown an arrangement adapted to produce a Large 
diameter aluminium tube as extrudate, a wheel 2 of 
a continuous extrusion machine is formed with a 
5. pair of axially spaced circumferential grooves 4. A 
die chamber 6 is formed in a shoe portion 8 of the 
machine adjacent abutments Cnot shown) extending 
into the grooves, and is formed with a pair of 
divergent, f rustoconi ca L , apertures 10 in register 
10. with the grooves 4. Positioned in the die chamber 
6 is an extrusion mandrel 12, a mixer plate 14, a 
locating ring 16, an extrusion die 18 and a die 
support 20. A boLt 22 secures the extrusion mandrel 
12 in the die chamber with ci rcumf erenti al Ly 
15. divergent slots 24 in the extrusion mandrel 12 
registering with the apertures 10 in the shoe 
portion 8. As shown in Figures 2 and 3, as well as 
in Figure 1, the mixer pLate 14 is profiled to 
distribute the flow evenly around the mandrel. 
20. Arised protrusions 26 c i r cum f e rent i a L I y divide the 
flow from the adjacent aperture 10, whilst 
scalloped portions 28 facilitate the confluence of 
the adjoining divided fLows adjacent an annular gap 
30 intermediate the extrusion mandrel 12 and the 
25. extrusion die 18. 

The bolt 22 is formed with an axial bore 32 
communicating, through a radial bore and groove 34, 
with a supply passge 36 in the shoe portion 8 and, 
30. through an axial bore 38 in the extrusion mandrel 
12, with the interior of the extrusion. Depending 
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upon requirements, fluid is discharged from the 
supply passage 36 through the bores 32, 38 to the 
interior of the extrusion. Thus lubricant to 
facilitate a subsequent drawing operation utilising 
5. a floating mandrel or steam or nitrogen to inhibit 
oxidation of the interior of the extrusion, may be 
discharged to the interior of the tube. 

In operation, to extrude a thin walled (say 
10. between 0.8 and 3mm), large diameter (say up to 
100mm or even 150mm) aluminium tube 39, the 
continuous extrusion machine is operated to produce 
a flow of material from the grooves 4 into the 
divergent apertures 10 to impinge upon the 
15. protrusions 26 of the mixer plate 14 and to flow 
evenly through the annular gap 30 to form the 
tubular extrusion. 

Since the grooves 4 are spaced apart and the 
20. apertures 10 diverge f rusto-coni ca I ly , a relatively 
short flow path is required from the grooves to the 
annular gap 30 to distribute the flow evenly around 
the gap, the path being shorter than that required 
if the material originated from a single groove, 
25. with a consequent difference in the pressure drops 
incurred due to resistance to flow in the 
respective flow paths. 
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In the arrangement shown in Figure 4, which 
corresponds to Figure 1, but modified in that the 
extrusion die 18 is a Loose radial fit in the die 
chamber 6, six, equi-angular ly spaced, set screws 
5. 122 are positioned in correspondingly threaded 

radial bores 124 penetrating the wall of the die 
chamber 6 such that tips 126 of the screws 122 
contact the extrusion die 6 at an outer edge face 
128 thereof. 

10. 

On assembly, having secured the extrusion 
mandrel 12 in the die chamber 6, the locating plate 
16 and mixer ring 14 are seated on the extrusion 
mandrel 12 and, in turn, the extrusion die 18 

15. seated on the locating plate 16 in the die 

chamber. With three, alternate, set screws 122 
backed-off out of contact with the edge face 128 of 
the extrusion die 18 the remaining initial three 
set screws are adjusted to centre the extrusion die 

20. 18 on the extrusion mandrel 12 in order that the 

die and mandrel are co-axial and the extrusion die 
orifice represented by the annular gap 30 is of 
constant width around the gap. The three original, 
alternate, set screws 122 are then appropriately 

25. tightened to complement the effect of the intial 
three set screws to locate the extrusion die 18. 
Finally, the die support 20 is threaded into the 
die chamber to secure the extrusion die 18 together 
with the mixer ring 14 and support pLate 16 in the 

30. die chamber 6. 
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Operation of this arrangement corresponds to 
that described in connection with Figures 1 to 3. 

In the alternative arrangement shown in 
5. Figures 5 to 8 and which is adapted to produce a 
multi-void section 40 of the form illustrated in 
Figure 8 having a wall thickness of 0.8mm or even 
0.4mm, the wheel 2, grooves 4, die chamber 6, shoe 
8 and apertures 10 are similar in form to those 

10. described in conjunction with Figure 1. An 
extrusion mandrel 42, a mixer plate 44, an 
extrusion die 48 and a die support 50 are 
positioned in the die chamber 6. The extrusion 
mandrel 42 is formed with an extrusion head 52 

15. corresponding to the interior of the multi-void 

section with slots 54 extending across the head to 
form the internal webs of the section. Similarly, 
the extrusion die aperture plate 56 corresponds to 
the exterior of the multi-void section and, upon 

20. assembly, is spaced from the extrusion die head by 
an amount corresponding to the wall thickness of 
the section 40 to be extruded. 

As shown in Figures 6 and 7, as well as in 
25. Figure 5, the mixer plate 44 is profiled to 

distribute the flow of material evenly to the gap 
60 intermediate the die head 52 and the die 
aperture plate 56 with raised portions 58 dividing 
the flow from the respective adjacent aperture 10 
30. and directing the resultant flows to a circular 
out let 
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62 from the mixer plate 44 to flow into the sLots 
54 in the die head 52 and the gap 60 there to 
combine to extrude as the section 40 in operation. 

5. In the further alternative arrangement 

shown in Figure 9, there is illustrated an 
alternative arrangement for the production of 
thin-walled, large diamter, tube 3. The pair of 
grooves 4 in the wheel 2 discharge to a pair of 

10. eccentric f rusto-coni ca I apertures 64 in an 

abutment block 66 positioned in a shoe portion 68, 
with adjacent edge portions 69 of the apertures 
remote from the grooves abutting. A first and a 
second feeder block, 70, 72 each formed with a 

15. frusto-conical aperture 74, 76 are also positioned 
in the shoe portion 68 and each has a cone angle 
equal to the -cone angle of the wall portions 78 
diametrically opposed to the adjoining wall portion 
69 of the apertures 64 to produce a smoothly 

20. diverging face. A third feeder block 80 has an 
aperture 82 with an initial face 84 of 
f rusto-coni ca I form - but of greater cone angle 
than the apertures 74, 76 - and an outer face 86 of 
cylindrical form extending around an external 

25. mandrel 88 positioned on a die 92 by means of webs 
94, the third feeder block 80 and the die 92 being 
located on the shoe portion 68 by means of a die 
support ring 96. 
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In operation, material urged from the 
grooves 4 by abutment stops (not shown) flows into 
the apertures 64 in the abutment block 66 and 
thence smoothly through the apertures 74, 76 and 82 
5. in the first, second and third feeder blocks 70, 72 
and 80 to extrude smoothly and evenly through the 
annular gap 98 intermediate the mandrel 88 and the 
die 92, confluence occurring immediately downstream 
of the webs 94, to produce a thin-walled, large 

10. diameter, tube 63. The cone angles are selected to 
give a divergence to the diameter appropriate to 
the die 92 within a minimum radial distance from 
the grooves 4 commensurate with maintaining a 
smooth and even extrusion material flow. The 

15. feeder blocks 70, 72, 80 have the effect of 

extending the radial dimension of the flow path 
beyond the thickness of the shoe portion and hence 
enable the extrusion of a product of greater 
cross-sectional dimension than would otherwise be 

20. possible with a given extrusion machine. 

In the yet further alternative arrangement 
shown in Figures 10, 11 and 12, and which is 
adapted to extrude a multi-void section product 100 

25. illustrated in Figure 11, a wheel 2 formed with 

divergent walled grooves 4 provided with abutments 
105 discharges to a divergent chamber 106 in an 
abutment block 108 supplying a die orifice 110 
corresponding to the multi-void section product 

30. 100. The chamber 106 includes a pair of 
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f rusto-coni cat portions 112, each having a cone 
angle corresponding to the angle of divergence of 
the walls of the grooves 104, merging smoothly into 
a divergent portion 114 having an elliptical 
5. cross-section with major axis aligned with a major 
axis of a mandrel 116 supported by webs 118 on an 
extrusion die 120. 

In operation, material urged from the 
10. grooves 4 by abutment stops 105 flows into the 
f rusto-coni ca I portions 112 and thence smoothly 
into the divergent portion 114 to the extrusion 
orifice 110 formed intermediate the mandrel 116 and 
the extrusion die 120 to extrude smoothly and 
15. evenly therethrough, with confluence occcurring 

downstream of the webs 100. The divergence of the 
groove walls and the chamber 106 are selected to 
accommodate the form of the multi-void section 
product 100 at a minimum radiaL distance from the 
20. grooves 4 commensurate with maintaining a smooth 
and even extrusion material flow. 

It will be understood that, in each of the 
foregoing embodiments, by providing a pair of 

25. grooves supplying feedstock to the extrusion die it 
is possible to extrude products of relatively large 
cross-section dimension since the volume rate of 
feedstock supplied is greater than that attainable 
with a single groove supply and the radial distance 

30. that the feedstock flows between the wheel and the 
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extrusion die is less, bearing in mind that if the 
passage between the wheel and the extrusion die 
diverges at too great an angle serious 
discontinuities in the flow are likely to arise. 

5. 

Angles of divergence of between 5° and 45° 
have been found effective, a suitable range being 
between 10° and 30° with a preferred range of 
between 15° and 20°. Using such angles of 

10. divergence, it has been found that the reduction in 
pressure drop along a divergent f rust o-coni ca I 
aperture between an arrangement utilising a single 
extrusion source and an arrangement utilising a 
plurality of extrusion sources approximates to the 

15. ratio of the difference between the final extrusion 
diameter and the sum of the diameters of each of 
the extrusion sources to the sum of the final 
extrusion diameter and the diameters of each of the 
extrusion sources. 

20. 

It will be appreciated that these advantages 
may be enhanced by utilising a multiplicity of 
grooves in the wheel so long as such provision does 
not unduly complicate requirements of feedstock 
25. supply or unduly increase power requirements. 

Where an even number of grooves is utilised, 
securing of an extrusion mandrel in position in the 
shoe portion by means of a central bolt extending 
30. from the face of the shoe portion adjacent the 
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wheel is facilitated. As a result, the supply of 
fluid to the interior of the extended product is 
also facilitated. In addition, replacement of the 
mandrel to form extrusion products of different 
5. cross-section is also facilitated. 

Whilst a single wheel having a plurality of 
grooves has been described, it will be appreciated 
that, if desired, a plurality of wheels each with 
10w one, or more, grooves may be utilised. 
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CLAIMS 

1. Continuous extrusion apparatus having a 
plurality of spaced apart circumferential grooves 
(4), arcuate tooling with a shoe portion (8, 68) 
bounding radially outer portions of the respective 

5. grooves provided with exit apertures (10, 64, 112) 
extending in a generally radial direction from the 
respective grooves to a chamber (6, 106)and 
abutments (105) displaced in the direction of 
rotation from the apertures (10, 64, 112) extending 

10. into the grooves, the chamber extending around an 

extrusion mandrel (12, 42, 94, 116) and discharging 
axially of the extrusion mandrel through a die 
orifice (30, 60, 98, 110) intermediate the 
extrusion mandrel and an extrusion die body wall 

15. (18, 56, 92, 120), characterised in that the exit 
apertures (10, 112) are formed with f rusto-conical 
walls smoothly diverging radially outwardly from 
the face of the shoe portion (8, 68) bounding the 
grooves (4) to merge smoothly with the chamber 

20. (6,106). 

2. Continuous extrusion apparatus as claimed in 
Claim 1, characterised in that the spaced apart 
circumferential grooves (4) are provided in a 

25. single rotating wheel (2). 

3. Continuous extrusion apparatus as claimed in 
any preceding claim, characterised in that the 
angle of divergence of the apertures (10, 64, 112) 
is in the range of 5° to 45°. 
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4. Continuous extrusion apparatus as claimed in 
any preceding claim, characterised in that the 
angle of divergence of the apetures (10, 64, 112) 
is in the range of 10° to 30°. 

5. 

5. Continuous extrusion apparatus as claimed in 
any preceding claim, characterised in that the 
angle of divergence of the apertures (10, 64, 112) 
is in the range of 15° to 20°. 

10. 

6. Continuous extrusion apparatus as claimed in 
any preceding claim, characterised in that a mixer 
plate (14) is positioned in the die chamber (6) and 
is profiled with arised protrusions (26) 

15- respectively in register with aligned exit 

apertures (10) and with intervening scalloped 
portions (28) directed toward the extrusion mandrel 
(12) and die orifice (30).* 

20. 7. Continuous extrusion apparatus as claimed in 

any any one of Claims 1 to 5, characterised in that 
where the apparatus is adapted to produce a Large 
diameter extrudate, the chamber (6, 106) is of 
f rust o-coni ca I form partially continuous with the 

25. exit apertures (10, 64, 112) and having a cone 
angle corresponding to the cone angle of the 
associated exit apertures (10, 64, 112). 



WO 90/14176 



PCT/GB90/00778 



-15 - 



8. Continuous extrusion apparatus as claimed in 
Claim 7, characterised in that the chamber (6) 
includes a main f rusto-coni ca I portion (70, 72) and 
a radially outer f rusto-coni ca I portion (80) of 

5. greater cone angle than the cone angle of the main 
port i on (70, 72) . 

9. Continuous extrusion apparatus as claimed in 
any preceding claim, characterised in that a fluid 

10. supply passage (36) discharging to the interior of 
a hollow extrudate extends through the die and 
associated shoe portion (8, 108) from a connecting 
junction on the exterior of the shoe portion. 

15. 10. Continuous extrusion apparatus as claimed in 
any one of Claims 1 to 6, characterised in that an 
even number of spaced apart circumferential grooves 
(4) are formed in the, or each, wheel (2) and the 
extrusion mandrel (12) is secured to the shoe 

20. portion (8) by means of a bolt (22) extending 
radially through the shoe portion from a face 
normally abutting a portion of the wheel central of 
the grooves. 



25. 



11. Continuous extrusion apparatus as claimed in 
Claim 10, where a fluid supply passage (36) 
discharging to the interior of a hollow extrudate 
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extends through the die to a bore C32) in the bolt 
(22) communicating through a radial tapping (34) 
with a duct in the associated shoe portion from a 
connecting junction on the exterior of the shoe 
5. portion, 

12. Continuous extrusion apparatus as claimed in 
any preceding Claim, characterised in that the 
extrusion die body (18) is located and axially 
10. centred in an associated wall portion of the 
chamber (6) by means of a multiplicity of 
equi-angular ly spaced set screws (122) extending 
through threaded, radial, bores (124) in the said 
associated wall portion. 
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